Loerw- mran',

e Ad

NACA TN No. 1473 -

8808

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

TECHNICAL NOTE

No. 1473

HIGH-SPEED WIND-TUNNEL INVESTIGATION OF HIGH LIFT
AND ATLERON-CONTROQL CHARAéTER.ISTICS OF AN
NACA 65-210 SEMISPAN WING
By Jack Fischel and Leslie E. Schneiter

Langley Memorial Aeronautical Laboratory
Langley Field, Va.

Washington
November 1947 RESIT™
Fed sl W
q?‘,?ﬁp-’"”‘"' " R A b el ol
) i e o

OE9hATO

AR

!

BN ‘gdvy Auvug




 TECH LIBRARY Karp

H"b?lllllllllllllﬂlllﬂﬂﬂlﬂﬂllﬂlﬂl

.« . NATTONAL ADVISORY COMMITTEE FOR ARRONAUTTCS

TRCHNICAL NOT No. 1473

. HTGH-SERED Wmv-man INVESTIGATION OF BIGH LIFT
AND AIIERON-‘CONTROL GEARAC‘BSRISTICS OF AN
' m0A65-2105masmrwme LT
By Jack. Fiechel and Leslde E. Schneitér

‘ L4 - *
. - - -
. - . s - ‘o .

- - . . -

¢ . . ' s Tae
. . LI ~
R . . - . .

. . . . .

- . .

A high ~gpeed. wind-tmmel :lmrestigation ves mede of the a.erodynan‘tc .
characteristics at verious Mach numbers of an NACA 65-210 semispan. - ..
wing variously equipped with a 25%percent-chord full-span plqtted. ﬂep
and & 38-percent-semispen 20-percent-chord straight-sided aileron.

With the full-span flap retracted at a Mach number of 0.13,
maximum 1ift coefficient of 0.93 wam ob’f.ained., end with the fle.p
deflected 45°, a maximm 1ift coefficient of 1.67 was obtained.

‘fhe” variation of Iift with a.ngle of attack - GLU: increa.sed.
from 0.72 at & Mach mumber of 0.13 to 0.96 at a Mach mmitier of 0.71%
This. increase In CT-u with Mach number was consistently greater than

the increase in CLa. computed 'by existing theory for fin:l:te-epan "Wings.

'I'he effectiveness of the aileron, as shown by the variation of
rolling-moment ceefficlient with alleron deflection 026 » d.ecreased

elightly with :anrease in Ma.ch number and. Reynolds n.mnber.

Alleron, ye.w:l.ng moment became more adverse with increasing angle -
of attack (or 1ift) but was eesentia.]ly unaffected. by increasing
Mach number .

The variation of the aileron hinge-moment coefficlent with angle-
of attack Cp, increased positively from =0.0008 at a Mach number
of 0,27 to 0.0010 at a Ma¢h number of 0.71; whereas the variation of
the hinge-moment coefficient with alleron deflection Ghﬁa increased

negatively from ~0.0052 at a Mach number of 0.27 to -0.0072 at-a
Mech number of 0.71.
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 INTRODYCTION -

The necessity of providing sufficlently high 1ift for: lending
and take-off, as well as adequate ‘lateral control throughout the
flight speed. range Por the fast, apd heavily loaded airplanes currently
in use or.in the design stage, has presented a problem to airplane
designers. This problem has been accentuated somewhat by the required
use of wings having high critical speeds and by the paucity of existing
1lift and lateral-control date on finite-span wings: In order to assist
in solving this problem, en investlgation was conducted in the
Tangley high-gspeed T- by 10-foot tummel on & thin low-drag semispan
wing (NACA 65-210) equipped with either-a full-span slotted flap or
a partial-span aileron. Wing 1ift, drag, and pitching-moment charac-
teristics were obtained through a speed range to a Mach number of
0.71 with the full-span flap retracted and 'bhrou@ & gpeed range to
& Mach number of 0.27 with.thé fla;p deflected. Tests of a 0,30~
gemispan 0.20-chord straight-sid.ed e.ilerpn were made &t various gpeeds -
up to & Ma.oh number of 0.71. ) . .

SYMBOIS

The moments on the wing are presented about the wind axes. The -
X-axis is in the plane of symmetry of the ‘model and. is parallel to
the tunnel air flow. The Z-axis is in the plane of eymmetry ond is
perpendicular to the X-axis. The Y-axis is mbually pemendicular
to the X- and Z-axgs, : A1l three axes intersect at the intersection
of the chord.plane and the 35-percent-chord. station at 'bhe root of
the modbl. . . .

The symbols used. in the presentation of results are &s follows'
(Twice Lift of semigpan mod.el\
/

CL lift coeff?.cient S
CD " drag coefficient (D/gS)
CIn .pitching-moment coefficient

('l‘wice Eitching moment’ of semispan mod.el)

R q'ScT Y )
c, ' rolling-moinent coefficient (L./qSb) _ ' »
Cp yewing-moment coefficient (N¥/qSb)
r

Gy aileron hinge-moment cosfficient (Ha/q'baca )

c local wing chord
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wing meen aercdynamic chord, 2.86 feet ( f v/2, 2 dy)

aileron chord mea.sured. along wing chord line from hinge axis
of aileron to trailing edge of wing .

root-mean-square chord of aileron, 0.48 foot

twice span of semispsn model, 16 feet

aileron span, 3.0} feet

lateral distence from plane of symmetry, feet

twice area of semispan model, Lh.h2 square feet

twice drag of semiépan model, pounds

rolling moment due to aileron deflection about X-axis, .
Toot-poundas .

yéwing mcment due to alleron deflection dbout Z-axis,
foot~-pounds

alleron hinge moment, foot pounds

free-stream dynaumic pressure, pounds per squre foot (2pV2)
free- tream velocity, feet per second

mzgs density of air, slugs per cubic foot

angle ol attack with respect to chord pla.ne At root Qf modﬂl
degrees

aileron deflection relative to"wing chord plane (positive
-when trailing edge is down) R degrees

flep deflection relative to wing chord plene (positive when
trailing edge is éown), degrees

Mach number (V/a)
Reynolds number AR

speed of sound, feet per- second S St _ -
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The subscripte O, and o indicate the factor held constant. All
slopes were measu.ceﬁ. in the vicmity of 0° angle of attack and O°
a.ileron deflection.

CORRECTIONS

“ With the exception of the aileron hinge-moment data, all data
presented are based on the dimensions of the complete wing.

The teat data have beep cor—ected for jet-boundary effects
according to the methods outlined in reference l. Compressibility
effects on these jet~boundary corrections have been conaidered in
correcting the test data; blockage corrections were also applled.

Aileron deflections have been corrected for deflection under
load, and the aileron data have been corrected for the small amount
of m.ng twist (less than 0.2°) produced by aileron deflection.

MOINYL AND APPARATUS

The semispan-wing model was mounted in inverted position in the
Langley high-speed T- by 10-foat tunnel with its root section adjacent
to one of the vertical walls of the tunnel, the vertical wall thersby
serving as e reflection planse ("igs. 1 and 2). The wing was canti-
lever supported from the balance frame near the wing root section 2
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and a gap of approximately 1/16 inch between the tunnel wall and the
root end of the model permitted all forces and moments acting on the
model to be measured.

" The semispsn wing model was built to the plan-form dimensions
showm in figure 3 and had an NACA 65-210 airfoil section (table I)
from root to tip with neither twist nor dihedral. The model had
an aspect ratio of 5.76 and a ratio of tip chord to root chord of 0.57.
The wing plen form exclusive of the clleron dimensions was geométriecally
similar to the quarter span of & complete wing model of aspect ratio 9
used in seversl investigations for which the data are unpublished.
The wing was fabricated with a esolid steel spar end laminated-mahogany
surfaces. No transition strips were used on the wing, and an attempt
was made to keep the model surface smooth Auring the entire investigation.

The i‘ull-span slotted~flap con:t‘iguration was bullt to the
dimensions given in figure 3 end ic shown mounted on the wing -in the
tumel test section in figure 1. The design dimensions for the

0.25¢c flap are presented in table I and agree with the dimensions
for slotted flap 1 glven in reference 2. The optimum flap position
with respect to the upper-surface airfoil lip and the optimum flap
deflection (8f = 45°) glven in reference 2 were used for the normal

flap-deflected position in the present investigation. The flap had
8 solid stesl spar with laminated-mahogany surfaces.

The partial-spen aileron configuration was dbuilt to the dimensions
given in figure 4, and the conhguration is shown in the tunnel in

figure 2. Tne aileron of 0.38-— and 0.20c was constructed of duralumin

end had straight sides end a trailing-edge angle of 11°, The aileron
had e plain radius-nose overhsng made of mahogany and was tested with
& plastic~-impregnated fabric seal across the gap ahead of the alleron
nose, except at the locatioh of the strain-~gage arm where a gap of

about 0.01% existed. In addition, the aileron was equipped with strain-

gege beams of various sizes to provide a maximum of sensitivity to the
hinge-moment readings at the various deflections and speeds at which
the investigation was mads. Aileron deflection was get for each test
by means of & beam-type clamp strain-gage arm.

The La.ngley high-speed. T- by 10-foot tunnel is a closed-throat
single~return tummel. The turbulence of the tunnel alr gtream has
not been determined but is thought to be low because of the large
tunnel contraction ratic (14 to 1). This belief is substantiated by

turbulence measurements made in the Langley 300 MPH 7- by 10-Foot
tunnel .

e e ——— -
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TESTS

Wing angle-of-atiack tests with the flap retracted were made
through a Mach nunber range from 0.13 to 0.71, with e corresponding

Reynolds -nurber renge of approximately 2.6 X 106 to 10.3 X 106
based on a mean aerodynamic chord of 2.86 feet. In addition, a

" constant angle-of-attack (approximately at zero 1ift) speed test

was made through a Mach number range from 0.4k to 0.82, ¥ing angle-
of-attack tests with the flap deflected: were made through a Mach
number: range from 0.13 to 0.27. The variation of Reynolds number-
with Mach number for these tests is shown in figure 5. .

Tests were made with various aileron deflections through an
angle-of ~atteck range at Mach numbers from 0.27 to 0.TL. The range
of aileron angles tested was between approximately -15° and 15°,
excépt at the lower values of Mach number where a deflectlion range
of approximately -15° to 20¥ was used. The angle-of-attack range

. covered in all, the tests becams more limited as Mach number increased

because of the load limitations of the model.

DISCUSSION -

Wing Aerodynamic Characteristics u

The 1lift ; Grag; end pitching-moment characteristics ef the
wing model at various Mach numbers in the flap-retracted and flap-
deflected configurations are shown in Pigures 6 end 7 , respectively. .
As Mach number increased in the flap-retracted configuration, a

“gradnal increase in the lift-curve slope, a small increase in drag

coefficient a¥ low 1lift -coefficients, and very little chenge in
pitching-moment characteristics were obtained. Maximm 1lift coeffi-
c¢ients of 0.93 and 1.87 were obtained at a Mech number of 0.l3 with
the full-spen flap retracted and deflected, respectively.

In order to ascertain whether the normal flep position used
was optimum for three-dimensional flow, several additional tests were
made in which the flap deflection was held constant at 45° and the
location of the flap nose with respect to the wing upper-surface lip
was varied. The results presented in figure 8 show that, in general,

. moving the flap down and back from the normal flap-deflected position

(nose of flap 0.,0100c below and ahead of wing upper-surface lip) -
resulted in a decrease im lift and =n increase-in drag at all angles
of attack, except for the configuration in vhich the outboard end of
the flap was held in the normal position and the flep nose at the
inboard end was moved rearward end down from the normal positon,

. —— -
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a change which enlarged the gap between the flap and the wing lip.
For this wing~flap configuration, a larger maximm 1ift was moted
than for the normal wing-flep configuration. (See fig. 8.) Sealing
the flap slot in one of these configurations was guite deleterious

in that a large ‘decrease in 1ift and an increase in ‘drag resulted.

_ Variation of the lift-curve slope Cr, .with Mach pumber is
ghown in figure 9 s in which a steady increase of CL with Mach
nunber is e.pparent, that is s C’L increa.sed. from 0.72 at M = 0.13

to 0.96 at M = 0.TL. No force break induced by a wing shock was
apperent within the 1lift range covered. (See figs. 6 and 9.) The
date of figure 9 also-ceonmpare the compressibility effects on OLa.

obtained from experimentel data with the .results computed by the
Prandtl-Glauert factor, which is baied on two-dimensionel flow, and
those computed by an equation derived by Young of Great Britaim for
finite<dpen wings and revised by Jones' edge-velocity correction
(reference 3). The incremse in lift-curve slcpe with increasing
Mach nuaber obtalned in the invesitigation was consistently greater
then that computed by the revised Young eguaticns

Va.r:n.a.t:l.on of the lift, dreg, end pitching-moment coefficients
with Mach nunber ‘at a congbent angle of attack approximately
corresponding to zero lift is shown in figure 10. Fronm these data
end -the data of figures 6 and 9, a positive shift of the angle of
zero 1lift and a rearward shift of the center of pressure with
increasing Mach number is indicated. A gradual increase in the drag
coefficient at Mach nunbers above 0.75 spparently indicates the
approaching existence or the existence of shock on the wing.

Aileron-Control Characteristics

The results of the investigation of the sileron-control charac-
teristics at various Mach numbers are shown plotted ageinst wing
angle of attack in figure 11 and cross-plotted pgeinst aileron
deflection at three low angles of attack in figure 12.

The rolling-moment data generally show = decresese in effectiveness
with angle-of -attack increase for positive aileron deflections .at the
lower Mach numbers (M = 0.27 and 0.38) and an inconsistent effect in
the negative alleron-deflection rsnge. For Mach numbers ebove 0.38
the aileron effectiveness gemerally increases slightly with angle-
of-attack increase for both positive cnd negative aileron deflections.
(See fig. 1l.) The data of figure 11 further show a decrease in
alleron effectiveness with increuse in Mach nvmber, and this phenomenon
is more clearly illustrated in figures 12 and 13. This variation of
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‘aileron effectiveness with Mach number is opposite to that obtained
in an aileron investigation for g wing of aspect ratio 9 employing
‘the same airfoil section (vmpublished data)s

Some of this discrepancy is explained by the fact that the data
for the wing of aspest ratio 9 were not corrected for wind-tunnel
Jet~boundary effecta. Moreover, the validity of Jjet-boundary
corrections for reflection-plane models at high Mach numbers has not
been well-established; as a consequence, the corrections applied to
the present data at high Mach numbers are questionable but are thought
to be conservative. .

In addition, some of this'discrepancy 18 attributed to ‘the fact
that the data obtalned in the investigation of the wing of aspect

ratio 9 were at Reynolds numbers from 0.9 X 108 to 1.k % 106 R
whéreas the Reynolds number range of the-alleron investigation .

reported herein was between a.pprc;ximately 5.2 X lO6 and 10.3 X 106-
Two-dimensional tests of a 0.20c straight-sided aileron on the same

airfoil section (reference %) at Reynolds numbers of 1 x+106

and 9 X 106 (Mach numbers of 0.07 and. 0,17, respectively) indicated
that a slight -decrease in aileron effegtiveness resulted when the
Reynolds number increasedj whereas high-speed aileron tests of the

the same alrfoil section within a Reynolds nunber range of 1 X 106

to 2 X 106—1ndica.ted. that an increase in Mach number and Reynolds
number increased the alleron effectiveness. It is believed, therefore,
that the discrepancy in the aileron effectiveness exhibited between
the data presented herein and the data obtained from the wing of
aspect ratio 9 probably result from a Reynolds number effect, which
is either negligible or similar to a Mach number effect at low
Reynolds numbers and opposite to a Mach number effect at high
Reynolds numbers. A part of this discrepancy mey also result from
the fact that the aerodynamic effects which accompany a reduction in
effective aspect ratio resulting from compressibility effects are
larger for the wing of aspect ratio 5,76 than for the wing of aspect
ratio 9. This belief is substantiated somewhat by similar effects
shown by the results of a lateral-control investigation (reference 5)
performed on & thicker semispen wing at Reynolds numbers and Mach
nuribers (over the span of the aileron tested) which are comparsble to
those existing during the reported investigation. These results are
reproduced in figure 13 for comparison with the reported data.

A comparison of the aileron-effectiveness (indicated by the
slope CZSB) obtained in the present investigation at s Mach number

- — v
Tro s,
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of 0.38 was made with the aileron effectiveness obtained from the
wing of aspect ratio 9. at the same Mach number. Good agreement
between the two mvestigations was obbained after accou.nting for
aspect-ratio differences by ise of reference 6 and correcting the
data.of the wing of aspect ratio 9 for Jet-boundary effects by use
of reference 1. At higher Mach numbers, Reynolds number effects on
aileron effectiveness end compressibility effects on effective
aspect ratio (as previously discussed) probably account for the
poorer agreement as Math nunber increased.

The aileron’ yawing-moment coefficlents veried almost linearly
with angle of attack (or 1ift)-and generally became more adverse as
the angle of attack increased, particularly in the positive a.lleron-
deflection range. (See figs. 1.1 and 12.) Mach number had almost
no effect.on the yewing-momént coefficients. ]

The aileron hinge-moment coefficients also varied almbst.
linearly with angle of attack, and the value of Cha increased

positively with increase in Mach muuber from -0.0008'2t M = 0.27
to 0.0010 at M = O.7L. (See figs. 11l and 13.) The variation of
hinge~moment coefficient wilth aileron- deflection tended to become
more nearly linear as the Mach nuzber increased (fig. 12), and the
value of Chﬁ increased nega:tively with increase in the Mach

‘number from -0.0052 at M= 0.27 to =0.0072 at = 0,71, -(See
fige 13.) A comparison of the values of Chy, and_ Ch8 obtained

in the present investigation with the values obtsined in the investi-
gation of the wing.of aspect ratio 9 (data unpu'blished) indicated
that these parameters were less negative and exhibited larger’
oompressibility effects in the present investigation. The differences
in the results obtained in the two investigations may be sttributed to
differences in aspect ratio, Reynolds number, and the fact that the
aileron nose gep was not sealed in the investigation of the wing of
aspect ratio 9 but was sealed in the present investigation.

No date were obtalned for pressures across the ailleron seal.
1t is believed, however, since the aileron tested hed its nose gap
failrly well sea.led. that the equations presented in reference T may
be used to compute various balance configurations reguired for given
stick forces.

CONCLUSIONS

A high-speed wind-tunnel investigation was made of the aercdynemic
characteristics at various Mach nuibers of an NACA 65-210 semigpan wing
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variously equipped with s 25-percent-chord full-span slotted fla,p
and a 38—percent-semspan 20-percen:li~chord, gtraight-sided alloexron.
The resulis of the investigatmn 1ed. to the followi ng conclusionat. -

1. With the full~span flap retract.ed a.t a Mach nunber of 0.13,
a - maximm lift coefficient of 0.93 ¥#as obteined; and with the “.t’l'ap
deflected 45° s & maximum 1ift coefficient of 1.07 was obtéained..

2, The variation of 1ift with angl_e of attack CI’c;.' -incx'"eazied._',

from 0.72 at a Mach numbexr of 0.13 to 0.96 at a Mach mumber of 0.Tl.
This increase in GL with Mach number was consistently greater

than the inorease in CI. computed. by existing theory for finite-
span wings. : :

3. The effectiveness of the aileron, as shown by the variation
of rolling-moment coefficient with aileron deflection cZa s ‘

decreased slightly w:[th increasé in Mach num'ber end Reynolds num'ber.

k. Aileron yawing moment bec_a.me more adverse with increasing °
angle of attack (cr 1ift) but was essential],y unaffected by incressing
Mach number. -

5. The variation of the aileron hinge-moment coefficient with
angle of attack cha incroased positively from -0 .0008 at a Mach

number of 0.27 to 0.0010 at-a Mach number of 0.7l; wheress the °

variation of the hinge-moment coefficient with aileron deflection Ch5
a,

increased nega.tively from - 0.0052 at a Mach number of 0.27 to ~0.0072
at a Mach number of 0,Tl.-

Langley Memorial Aeronsutical Laboryatory
National Advisory Committee for Aeronautics

Lengley Field, -Va., July 3, 1947
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TABLE I.- ORDINATES FOR ATRFOIL. AND FLAP

[A11 dimensions in percent of wing chord]

NACA 65-210 airfoil section

Upper surface _ Lower surface

Station Ordinate Station Ordinate

0 0 0 0
'}"'35 n819 0565 - 0719
0678 0999 ! 0822 . - 0859

1,169 1.273 . 1.33L | =1.059

2.408 1.757 2,598 | -1.385

,"- u898 2 o,"'9l 5 w102 -1 '859

T 39k 3.069 74606 *|. -2.221

9 -gQII- 3 v555 . 10 0106 . "2 052]-

l}'l- 0$9 l"- 0338 15 101 -2 |992
19.909 4 .938 20,091 -3.346
2k 921 54397 25,079 -3 4607
29.936 5.732 . 30 .06% ~3.788
3k.951 5 954 35.049 |. -3.8504
39 1968 6 .067 ll-O 0032 "3 0925
2'-,4- 198’4- . 6 0058 )'15 0016 "3 0868
50 +000 5.918 50 000 -3.709
55 001’-" 5 0625 5’-’- 0986 '3 011'35 ’
60 .027 RN 59 973 ~3.075
65 0036 l‘- 7712 6)'" 096)-1- -2 0652
70043 h.,1e8 69 957 ~2,.184.
T5 045 3.479 - T4 955 ~1.689
80 .04k 2,783 79 956 -1.191
850038 2 |O57 &l- 0962 - 0711

90.028 1.327 89 .972 -4293
95 .01k 622 9k 086 010
100.000 0 100.000 0

L.E, radius: 0,687
Slope of radius through L.E.: 0.08%

NATIONAL ADVISORY
COMMITIEE FOR AERONAUTICS
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TABLE I.- ORDINATES FOR AIRFOIL AND FLAP - Concluded

[£11 dimensions in percent .of ‘wing chord]

Slotted flap -~

Upper surface. Lower surface
Station Ordinate Station Ordinate
0 0 0 0
o 028 092 . 028 - c’-l-l
‘56 1 'J.g - -56 - -62
l.12 1 056 l.12 - .88
1 l69 1 -80 1 069 -1.00
2.25 1.99 2.48 -1.03
3 '38 2.22 ,'l-o98 '083
)'!' 050 2 o33 7 .’-}-8 - .63
5 061 2 038 . 9 ‘98 = J-IJ-I-
7 -00 . 2 .’-I-O 12 o’-’-g e
9 OOO 2 035 l,'l- -98 - 012
11.00 2.6 178 .01
12,51 1.91 19 .99 .10
-15.01 1.50 22.49. 12
17.51 1.l0 25.00 0
20 .00 11
22,50 34
25.00 0
In oE L] I‘adiuﬂ H 0 080 -
. Slops of radius through L.E.: 0.35

NATTONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 2.- Rear view of reflection-plane model in inverted position with

aileron deflected.
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Figure 8.~ Schematic drawing of right semispan-wing model equipped with full-span flap.

ELPT "ON NI VOVN

61



ot — -2 = _B,MJ‘ —= P
% B
§‘5io’ \ !
l v 0:.25¢ line L . . - ‘
Mounting axis
1T ) - 2.038'

0.%%——-——»

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

9\/ 0.0Q8¢ — ) .
\ ~ Aileren section

Figure 4.~ Schemaiic drawing of right semispan-wing model equipped with 38-percent
semispan aileron having straight-sided airfoil contour.
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Figure 5.~ Variation of Reynolds number with Mach number. Reynolds number is based
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Figure 11.- Vaniation of lateral control characteristics of complete
‘ wing with aileron deflection. & §= 0.
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Figure 11.- Continued.
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Figure 11.- Continued.
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